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(57) ABSTRACT

A method produces a molded part from carbon containing
carbon fibers 1n an amount of less than 20% by weight. The
method 1ncludes comminuting waste parts or scrap parts
formed from a carbon fiber-reinforced synthetic maternial, a
carbon fiber reinforced carbon or a carbon fiber reinforced
concrete. A mixture 1s produced from the comminuted
product, a binder such as pitch, a carbon material such as
coke and optionally one or more additives, wherein the
mixture contains less than 20% by weight of fibers. The
mixture 1s molded mto a molded part and the molded part 1s
carbonized. Optionally, the molded carbonized part 1is
impregnated with an 1mpregnating agent. Finally and
optionally, the molded carbonized part or the molded part
impregnated part 1s graphitized.
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METHOD FOR PRODUCING A MOLDED
PART FROM A CARBON MATERIAL USING

RECYCLED CARBON FIBERS AND
MOLDED PART

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a divisional application of application Ser. No.
13/571,633, filed Aug. 10, 2012; which was a continuing

application, under 35 U.S.C. § 120, of International appli-
cation PCT/EP2011/051893, filed Feb. 9, 2011; the appli-

cation also claims the priority, under 35 U.S.C. § 119, of
German patent application No. DE 10 2010 001 787.6, filed

Feb. 10, 2010; the prior applications are herewith icorpo-
rated by reference 1n their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method for the produc-
tion ol a molded part formed from carbon, in particular,
graphite, containing carbon fibers 1n an amount of less than
20% by weight, using recycled carbon fibers.

Carbon-based, 1n particular graphite-based, molded parts
are used 1 many technical fields. Such molded parts, for
example graphite electrodes, are used, inter alia, 1n electro-
thermal processes and 1n particular in the production of steel
in electric arc furnaces for liquetying a charge for smelting,
because of the good heat conductivity, low electrical resis-
tance and chemical resistance of graphite. A further example
of such a molded part 1s a graphite-based connecting piece,
which 1s also known as a graphite nipple, and 1s used to
connect the front faces of graphite electrodes to form strings
of electrodes. Such connecting pieces are usually shaped as
a double truncated cone or are 1n the shape of a bicone or
cylinder and have an external thread via which they are
screwed 1nto thread housings with complementary internal
threads on the front face of the graphite electrodes 1n order
to connect two electrodes together via their front faces.
When operating an arc furnace, an electrical voltage 1s
applied to the electrode string, and as a result an arc 1s
produced from the lower end of the electrode string down to
the charge for smelting, producing temperatures that are
suiliciently high, for example 1500° C., to melt the charge
for smelting, for example steel scrap or sponge 1ron; this
severely loads the electrode string mechanically, thermally
and electrically.

In order to increase the strength and thermal shock
resistance ol graphite electrodes and graphite connecting,
pieces 1n particular and carbon-based components 1n general
and to reduce the thermal expansion coeflicient thereot, 1t
has been proposed that carbon fibers should be added to
these matenials. Such carbon fibers are produced, ifor
example, from carbon-contaiming starting materials, for
example polyacrylonitrile, first by spinning fibers that are
then carbomized and optionally graphitized under tension
before the fibers so produced are then surface treated and
optionally coated with sizing. It 1s important, however, 1n
many components formed from carbon-based materials in
general and especially graphite, such as graphite electrodes
and graphite connecting pieces, which the maximum amount
of carbon fibers in the material 1s 20% by weight, so that the
properties ol the final product are, as desired, principally
determined by the properties of the carbon or graphite
matrix. In addition, it 1s vital with graphite electrodes and
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graphite connecting pieces that the fibers are firmly bound to
the matrix material, as otherwise the pertinent techmical

properties of the graphite electrodes and graphite connecting
pieces would be compromised.

Published, European patent application EP 1 460 883 A2
(corresponding to U.S. patent publication No. 2004/026559,
for example, describes connecting pieces for electrodes that
are composed of graphite containing 0.2% to 10% by weight
of carbon fibers, wherein the surfaces of the carbon fibers are
oxidatively activated and 1n addition, the carbon fibers have
a carbonized coating. In order to produce such connecting
pieces, the surfaces of the carbon fibers are imtially activated
by oxidation and then coated with a coating medium prei-
crably selected from wax, pitch, natural resins or thermo-
plastic or thermoset polymers, before the fibers obtained are
mixed with coke, pitch and possibly additives and the
mixture obtained 1s molded 1nto a green part which is then
carbonized and finally graphitized.

Furthermore, the production of carbon fibers 1s very
expensive and energy-intensive, and so the material costs for
carbon fibers are substantially higher than the costs of the
raw materials used for the manufacture of the carbon matrix
or graphite matrix. As a result, the availability of an appro-
priate production method that was simple and inexpensive to
carry out would be advantageous.

SUMMARY OF THE INVENTION

Thus, the present invention aims to provide a method for
the production of a molded part formed from carbon, in
particular graphite, containing less than 20% by weight of
carbon fibers, which 1s simple and 1n particular inexpensive
to carry out and which can be used 1n particular to produce
graphite electrodes and graphite connecting pieces with
excellent properties.

In accordance with the invention, this aim 1s accom-
plished by a method for the production of a molded part
formed from carbon contaiming a quantity of less than 20%
by weight of carbon fibers, which contains the following
steps:

a) comminuting waste parts or scrap parts formed from a
carbon fiber-reinforced composite material;

b) producing a mixture from the comminuted product
obtained 1n step a), a binder, a carbon material and
optionally at least one additive, wheremn the mixture
contains less than 20% by weight of fibers;

¢) molding the mixture obtained 1n step b) mto a molded
part; and

d) carbonizing the molded part obtained in step c).

This solution 1s based on the surprising observation that a
method 1n which waste parts or scrap parts formed from a
carbon fiber reinforced composite material are comminuted
and the comminuted product 1s used as the fibrous raw
material mixed with the components required to form a
matrix ol a carbon composite material, namely binder,
carbon material and optionally one or more additive(s), and
in which this mixture 1s shaped 1into a molded part and then
carbonized and optionally graphitized, can be used to pro-
duce molded parts, for example graphite electrodes and
graphite connecting pieces for graphite electrodes, formed
from carbon containing a quantity of less than 20% by
weight of carbon fibers, 1n a stmple manner, that have superb
properties, i1n particular superb strength, a low thermal
expansion coeflicient and excellent thermal shock resis-
tance. In this regard 1t 1s particularly surprising that this
method can be used to obtain molded parts formed from
carbon fiber reinforced carbon or graphite in which the
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carbon fibers are firmly fixed in the carbon matrix material.
This solid hold of the carbon fibers on the carbon matrix
material means that the thermal expansion coethlicient of the
molded part 1s reduced and the strength and the temperature
shock resistance of the molded parts are increased. Since the
method dispenses with the use of newly produced carbon
fibers, but instead uses old carbon fibers from comminuted
waste parts or scrap parts from a carbon fiber remforced
composite material, the method 1s also much cheaper than
the known prior art methods for the production of corre-
sponding molded parts. Furthermore, the method of the
invention not only concerns a method for the production of
a molded part formed from carbon containing a quantity of
less than 20% by weight of carbon fibers, but 1n particular
it also concerns a method for recycling waste parts or scrap
parts from a carbon fiber reinforced composite material.

The term “carbon material” as used in the present inven-
tion 1n the context of step b) of the method of the invention
means any material containing a large quantity of carbon, in
particular a material that 1s at least 70% by weight, particu-
larly preferably at least 80% by weight and most preferably
at least 90% by weight constituted by carbon. A preferred
example of such a carbon material 1s coke.

Primarily, waste parts or scrap parts from any carbon fiber
reinforced composite material can be used in step a) of the
method of the invention, 1.e. a material in which carbon
fibers are embedded 1n a matrix. Good results are obtained
in particular when 1n step a) of the method, waste parts or
scrap parts are used that are composed of a carbon fiber
reinforced synthetic material (CFM), a carbon {fiber rein-
torced carbon (CFC), a carbon fiber reinforced concrete or
a mixture of two or more of the composite materials cited
above. Examples of suitable matrix materials for CFMs are
any type of thermoplastic or thermoset synthetic resins, such
as phenolic resin or epoxy resin.

Preferably, the carbon fiber reinforced composite material
contained 1n the waste parts or scrap parts used 1n step a) of
the method contain at least 20% by volume of carbon fibers,
particularly preferably 30% to 70% by volume of carbon
fibers and particularly preterably 40% to 60% by volume of
carbon fibers. This embodiment 1s particularly preferred
when the waste parts or scrap parts are composed of CFM
or CFC. The more carbon fibers 1n the composite material of
the waste parts or scrap parts used, the less matrix material
from the comminuted product 1s introduced into step b) and
it might be possible to dispense with separating the matrix
material out of the comminuted product prior to carrying out
step b) of the method.

When the waste parts or scrap parts are composed of
carbon fiber reinforced concrete, the typical carbon fiber
content 1s less than 10% by volume.

In step a) of the method, waste parts or scrap parts can in
particular be used that are formed from a carbon fiber
reinforced composite material that contains long fibers and/
or staple fibers as the carbon fibers.

Any apparatus known to the skilled person that can
comminute carbon fiber reinforced composite materials can
be used to comminute the waste parts or scrap parts in step
a) of the method. Non-limiting examples 1n this regard are
shredders, cutting mills, impact mills and hammer malls.

After comminution, sizing 1s preferably applied to the
comminuted goods or recycled fibers; any of the materials
known to the skilled person for this purpose may be used.

In step b) of the method, to achieve good mixing with the
binder, the carbon material and any additives, the waste parts
or scrap parts from the carbon fiber reinforced composite
material 1n step a) of the method are principally comminuted
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to particles with a length 1n the range 1 to 100 mm. In this
context, “principally” means that the length of more than
50% by weight, preferably at least 75% by weight, particu-
larly preferably at least 90% by weight and more particularly
preferably at least 95% by weight of the particles 1s 1n the
range 1 to 100 mm after comminution. The individual
particles may have any geometric form. As an example, they
may be 1n the form of flakes, for example with a rectangular
cross section, or they may be cylindrical or fibrous in shape.

In addition, mn a further development of the mmventive
concept, 1t 1s proposed that step a) of the invention be carried
out such that, in addition to the comminuted particles, the
comminuted product contains only a relatively small quan-
tity of dust. To this end, dust can be screened out of the
product during or after comminution. The term “dust” as
used 1n this context means particles with a mean particle size
of less than 100 um. Preferably, the comminution of step a)
of the method 1s carried out such that after comminution, the
product contains less than 5% by weight of dust particles
with a mean particle size of less than 100 um; as a rule, this
can only be achieved by screening.

In a further preferred embodiment of the present mven-
tion, 1n step a) of the method, both components of the
composite material of which the waste parts or scrap parts
are composed, 1.e. the matrix and the carbon {fibers, are
released from each other, during or after commainution. The
term “release” means detaching the fibers from the matrix.

In this embodiment, the matrix may be released from the
carbon fibers by contacting the waste parts or scrap parts
with an acid, for example a mineral acid, such as sulfuric
acid or nitric acid, with a caustic substance, for example
sodium hydroxide, or with a solvent. Alternatively, the
matrix can be automatically released from the matrix upon
comminution. The two components (carbon fibers and
matrix material) can then be added to step b) of the method
together.

Alternatively, 1n step a) of the method, during or, as 1s
preferable, after comminution of the waste parts or scrap
parts, the matrix material can be separated from the carbon
fibers of the composite material, 1.e. the matrix material can
be removed from the carbon fibers so that only the carbon
fibers produced 1n step a) of the method are supplied to step
b) of the method. This naturally requires prior or simulta-
neous fiber-matrix detachment. Separating the matrix from
the carbon fibers can, for example, be carried out by screen-
ing or sifting; sifting 1s preferably carried out 1n a rotary
sifter, a pneumatic sifter or a zigzag siiter.

In principle, 1n step b) of the method, any compounds that
are familiar to the skilled person can be used as the binder.
Good results are in particular obtained when the binder 1s
selected from the group consisting of phenolic resins,
pitches, furan resins, phenyl esters and any mixtures of two
or more of said compounds; particularly preferably, pitch 1s
used as the binder.

In addition, 1n a further development of the inventive
concept, 1n step b) of the method, coke 1s used as the carbon
matenal; pitch coke, metallurgical coke or petcoke, 1n par-
ticular needle coke, are particularly preferred. Preferably,
the coke employed has a particle size of less than 30 mm,
particularly preferably less than 15 mm and more particu-
larly preferably in the range 0.01 to 3 mm.

In a particularly preferred embodiment of the present
invention, pitch 1s used as the binder and coke 1s used as the
carbon material in step b) of the method.

The mixing ratio of coke to binder 1s preferably adjusted
to between 5:1 and 2:1, for example approximately 4:1.
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Optionally, any additive that 1s familiar to the person of
average skill in the art can be added to this mixture; an
example 1s 0.1% to 0.5% by weight of 1ron oxide.

According to the mvention, the (carbon) fiber content of
the mixture 1n step b) of the method 1s adjusted to less than
20% by weight, wherein the (carbon) fiber content of the
mixture 1s preferably less than 13% by weight, particularly
preferably less than 10% by weight, more particularly pret-
erably less than 5% by weight and highly preferably less
than 3% by weight. The fiber content set 1n step b) of the
method 1s smaller than or the same as the fiber content of the
end product, since after step b) of the method, no more
(carbon) fibers are added to the mixture, but the mass of the
matrix components might fall due to the subsequent heat
treatments such as carbonizing and/or graphitizing.

In step ¢) of the method, the mixture produced 1n step b)
of the method 1s shaped using any method known to the
skilled person for this purpose, for example by extrusion,
into a molded body with the desired geometry and the
desired dimensions.

Preferably, the carbonizing of step d) of the method 1s
carried out at a temperature 1n the range 600° C. to 1200° C.

After carbomizing, the carbonized molded part may
optionally be graphitized, as 1s preferable. When such
graphitizing 1s carried out, between step d) of the method
and graphitizing, the shaped body 1s preferably impregnated
with an impregnating agent, preferably impregnation pitch.
In this respect, several impregnation steps may be carried
out, wherein between two respective impregnation steps, a
carbonizing step 1s prelferably carried out.

In addition, in a further development of the inventive
concept, 1t 1s proposed that the optional graphitizing step be
carried out at a temperature 1n the range 1800° C. to 3000°
C., particularly preferably in the range 2300° C. to 2700° C.

In accordance with a further preferred embodiment, prior
to being supplied to step b) of the method, the waste parts
or scrap parts comminuted 1n step a) of the method during
which, as described above, the carbon fibers have optionally
been released from the matrix material or the matrix material
has been separated from the carbon fibers, an oxidative
treatment 1s carried out in order to oxidize the fiber surface
or the fiber bundle surface. This produces functional acid-
containing groups on the fiber surface, such as carboxyl
groups and/or hydroxyl groups, or other activated groups
such as C-H-acid groups activated by carbonyl groups,
basic, pyrone-type surface groups or the like, whereby the
fiber-matrix hold is increased and thus the strength of the
shaped body 1s improved.

To this end, the oxidative treatment may, for example,
contain oxidation in an aqueous bath contaiming oxidizing
agent, anodic oxidation in an aqueous bath containing elec-
trolyte and/or oxidation 1 a gas stream contaiming an
oxidizing agent, for example at 400° C. to 600° C. Any
routine oxidizing agent may be used as the oxidizing agent,
such as alkal1 (earth) metal salts, for example alkali1 (earth)
metal nitrates, sulfates, chlorates, bromates or 1odates, or
ox1dizing acids for example nitric acid, sulfuric acid, chloric
acid, bromic acid or 1odic acid. To remove the oxidizing
agent, prior to being supplied to step b) of the method, the
oxidatively treated product may be washed with deionized
walter.

Depending on the composition of the carbon fiber rein-
forced composite material from which the waste parts or
scrap parts used in step a) of the method are composed, 1t
may be preferable to carbonize the waste parts or scrap parts
prior to carrying out step a) of the method or after commi-
nution in step a) of the method, but before step b) of the
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method. This embodiment 1s particularly preferable when

the waste parts or scrap parts consist of CFM, 1n order to

transform the matrix material of the composite material 1nto
carbon.

After comminution, sizing 1s preferably applied to the
comminuted, carbonized material or the recycled fibers.

In accordance with a particularly preferred embodiment
of the present invention, the method of the mvention con-
tains the following steps:

a) comminuting waste parts or scrap parts formed from a
carbon fiber-reinforced carbon (CFC) and optionally, oxi-
dizing the comminuted product;

b) producing a mixture from the comminuted product
obtained in step a), pitch, coke and optionally one or more
additives, wherein the mixture contains less than 20% by
weilght of fibers;

¢) molding the mixture obtained 1n step b) mto a molded
part,

d) carbonizing the molded part obtained in step c);

¢) optionally, impregnating the molded part carbonized 1n
step d) with an impregnating agent; and

1) optionally, graphitizing the molded part carbonized in step
d) or the molded part impregnated 1n step e).

The waste parts or scrap parts formed from carbon fiber
reinforced composite material used 1n step a) of the method
preferably contain at least 20% by volume of carbon fibers,
particularly preferably 30% to 70% by volume of carbon
fibers and particularly preterably 40% to 60% by volume of
carbon fibers.

After comminuting and before supplying the commainuted
product to step b) of the method, fiber-matrix detachment
may be carried out and the matrix material may be separated
from the carbon fibers so that the product from step a) of the
method supplied to step b) of the method 1s solely the carbon
fibers. IT an oxidative treatment of the products 1s carried
out, the optional separation is preferably carried out before
the oxidative treatment.

In addition, in this embodiment, after step d) of the
method, an impregnation and a graphitizing step 1n accor-
dance with steps ¢) and 1) of the method are preferably
carried out. To this end, steps d) and ¢) of the method are
carried out several times one after the other 1n alternation
before the graphitizing step 1s carried out.

In accordance with a second particularly preferred
embodiment of the present invention, the method of the
invention contains the following steps:

a) comminuting waste parts or scrap parts formed from a
carbon {fiber-reinforced carbon (CFM) and optionally,
oxidizing the comminuted product;

b) producing a muxture from the comminuted product
obtained 1n step a), pitch, coke and optionally one or more
additives, wherein the mixture contains less than 20% by
weilght of fibers;

¢) molding the mixture obtained in step b) into a molded
part,

d) carbomizing the molded part obtained 1n step c);

¢) optionally, impregnating the molded part carbonized 1n
step d) with an impregnating agent; and

1) optionally, graphitizing the molded part carbonized 1n step
d) or the molded part impregnated 1n step e).

In this embodiment, the waste parts or scrap parts formed
from CFM prior to comminuting in accordance with step a)
are carbonized, or the comminuted product of step a) of the
method 1s carbonized prior to the optional oxidation before
the product obtained 1s supplied to step b) of the method.

In this embodiment too, after comminution and before
supplying the comminuted product to step b) of the method,
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fiber-matrix detachment may be carried out and the matrix
material may be separated from the carbon fibers so that only
the carbon fibers are supplied to step b) of the method as the
product from step a) of the method. If an oxidative treatment
of the product 1s carried out, the separation 1s preferably
carried out prior to the oxidative treatment, wherein the
optional carbonizing 1s also preferably carried out before the
oxidative treatment but after separation.

In addition, 1n this embodiment as well, after step d) of the
method, impregnation and graphitizing in accordance with
steps €) and 1) are preferably carried out. Steps d) and e) of
the method may be carried out several times one after the
other in alternation before the graphitizing step i1s carried
out.

Finally, in this embodiment as well, the waste parts or
scrap parts formed from carbon fiber reinforced composite
material used 1n step a) of the invention preferably contain
at least 20% by volume of carbon fibers, particularly pret-
erably 30% to 70% by volume of carbon fibers and particu-
larly preterably 40% to 60% by volume of carbon fibers.

In accordance with a third particularly preferred embodi-
ment of the present invention, the method of the invention
contains the following steps:

a) comminuting waste parts or scrap parts formed from a
carbon fiber-reinforced concrete and separating the matrix
from the carbon fibers, preferably by screening or sifting;

b) producing a mixture from the comminuted carbon fibers
obtained in step a), pitch, coke and optionally one or more
additives, wherein the mixture contains less than 20% by
weight of fibers;

¢) molding the mixture obtained 1n step b) imnto a molded
part;

d) carbonizing the molded part obtained 1n step ¢);

¢) optionally, impregnating the molded part carbonized 1n
step d) with an impregnating agent; and

1) optionally, graphitizing the molded part carbonized in step
d) or the molded part impregnated in step e).

Since 1n this embodiment the matrix material 15 neces-
sarily separated from the carbon fibers before the carbon
fibers are supplied to step b) of the method, 1n this embodi-
ment no carbonizing step 1s carried out prior to step d) of the
method, 1.e. 1n particular no carbonizing of the waste parts
or scrap parts before comminution 1n accordance with step
a) of the method and 1n particular no carbonizing of the
product comminuted 1 accordance with step a) of the
method.

Preferably, 1n addition 1n this embodiment, no oxidative
treatment of the comminuted product 1s carried out.

Furthermore, 1n this embodiment as well, after step d) of
the method, an impregnation and a graphitizing step in
accordance with steps ¢) and 1) of the method are carried out.
In this regard, steps d) and ¢) of the method may be carried
out several times one aiter the other 1n alternation before the
graphitizing step 1s carried out.

The method of the 1nvention 1s of particular application to
the production of graphite electrodes, graphite connecting
pieces for graphite electrodes, cathodes for aluminum elec-
trolytic cells, blast furnace linings and molded parts formed
from fine grain graphite. In this context, the term “fine grain
graphite” means graphite with a particle size of less than 1
mm.

The present invention also proposes a molded part and in
particular a graphite electrode, a graphite connecting piece,
a cathode for aluminum electrolytic cells, a blast furnace
lining or a molded part formed from fine grain graphite
obtainable by the method of the imvention described here-
inabove.
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Other features which are considered as characteristic for
the invention are set forth 1n the appended claims.

Although the invention 1s described herein as embodied 1n
a method for producing a molded part from a carbon
material using recycled carbon fibers, 1t 1s nevertheless not
intended to be limited to the details described, since various
modifications and structural changes may be made therein
without departing from the spirit of the invention and within
the scope and range of equivalents of the claims.

The construction and method of operation of the mven-
tion, however, together with additional objects and advan-
tages thercol will be best understood from the following
description of specific embodiments when read in connec-
tion with the accompanying examples.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

We now turn to example 1 where 5 mm thick CFM plates
with an epoxy resin matrix and a fiber content of 50% by
volume were comminuted in a shredder and then milled 1n
a cutting mill. A screen with round holes (10 mm diameter)
prevented particles with larger dimensions from leaving the
milling chamber of the cutting mall.

The milled material was free-flowing and had a dust
content of approximately 15% by weight.

We now turn to example 2 where 3 mm thick CFM plates
with an epoxy resin matrix and a fiber content of approxi-
mately 50% by volume were comminuted 1n a shredder and
then milled 1n a cutting mill. A screen with long holes
(dimensions 3 mmx30 mm) prevented particles with larger
dimensions from leaving the milling chamber of the cutting
muall.

The milled goods were free-flowing and had a dust
content of approximately 20% by weight.

We now turn to example 3 where portions of the recycled
fibers produced 1n example 1 and in example 2 were
carbonized for 20 hours at 900° C. 1n a nitrogen atmosphere.
The loss of mass due to the heat treatment was determined
to be approximately 40% by weighing before and after
carbonizing.

The free-flowing nature of the materials was improved by
carbonizing.

We now turn to examples 4 to 7 and comparative
examples 1 and 2 where 100 parts of needle coke (particle
s1ze<1.2 mm), 27 parts of coal tar pitch and 3 parts of
respectively one of the recycled fibers produced in examples
1 to 3 were used to make respective base stocks of molding
masses. The mixtures were extruded into rods with a diam-
cter of 20 mm and a length of 110 mm, carbonized at 800°
C. and graphitized at 2800° C.

Further, reference samples without fibers or with 3 parts
staple fibers (Sigrafil C255066 PUT, SGL Technologies
GmbH) with a fiber length of 6 mm, were produced.

The linear thermal expansion coeflicient in the extrusion
direction (CTE) was determined for all of the samples. The
results are summarized 1n Table 1 below.

TABLE 1
Example no Composition CTE [um/m - K]
Comparative Example 1 Reference, no fibers 0.22
Comparative Example 2 Reference with Sigrafil 0.17

C258066 PUT staple
fibers
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TABLE 1-continued

Example no Composition CTE [um/m - K]

Molding mass with 0.17
recycled fibers from
Example 1 (10 mm
diameter screen)
Molding mass with
recycled fibers from
Example 3 (10 mm
diameter screen,
carbonized)

Molding mass with
recycled fibers from
Example 2 (3 x 50 mm
screen)

Molding mass with
recycled fibers from
Example 3 (3 x 50 mm

screen, carbonized)

Example 4

Example 3 0.17

Example 6 0.20

Example 7 0.20

The present results show that both the molding mass of

comparative example 2, which contained the freshly pro-
duced staple fibers, and also the molding mass of examples
4 to 7, which contained recycled fibers, compared with the
molding mass of comparative example 1, which contained
no fibers, had lower CTE values, and so the CTE had been
reduced. No difference was observed between carbonized
and non-carbonized recycled fibers.

The 1nvention claimed 1s:

1. A method for manufacturing a molded part, which
comprises the following steps of:

a) comminuting parts selected from the group consisting
of waste parts formed from a carbon fiber-reinforced
composite material or scrap parts formed from a carbon
fiber-reinforced composite material resulting in a com-
minuted product;

b) producing a mixture from the comminuted product, a
binder, and a carbon material, wherein the mixture
contains less than 20% by weight of carbon fibers;

¢) molding the mixture into the molded part, the mold part
being selected from the group consisting of a graphite

clectrode, a graphite connecting piece for graphite

clectrodes, a cathode for aluminum electrolytic cells, a

blast furnace lining and a molded part formed from fine
grain graphite; and

d) carbonizing the molded part and after the carbomzing
step the molded part containing a quantity of less than
20 % by weight of the carbon fibers.

2. The method according to claim 1, which further com-
prises selecting the parts from the group consisting of a
carbon fiber reinforced synthetic material, a carbon fiber
reinforced carbon, a carbon fiber reinforced concrete and a
mixture of at least two of the above-identified materials.

3. The method according to claim 2, which further com-
prises carrying out the step of comminuting the parts in one
of a shredder, a cutting mill, an 1mpact mill or a hammer
muall.

4. The method according to claim 1, which further com-
Prises:

comminuting the parts of the carbon fiber remnforced
composite material 1n step a) to particles with a length
in a range 1 to 100 mm; and

screening dust out of the comminuted product so that the
comminuted product of step a) has less than 5% by
weight of dust particles with a mean particle size of less
than 100 um during or aiter the comminuting step.

5. The method according to claim 1, which further com-

prises separating a matrix from the carbon fibers of the
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carbon fiber-reinforced composite material before or after
the comminuting step, wherein separation of the matrix from
the carbon fibers 1s carried out by screening or sifting.

6. The method according to claim 5, which further com-
prises carrying out the sifting with a shifter selected from the
group consisting ol a rotary sifter, a pneumatic sifter and a
zigzag siiter.

7. The method according to claim 1, which further com-
Prises:

selecting the binder from a compound selected from the
group consisting ol phenolic resins, pitches, furan
resins, phenyl esters and any mixture of at least two of
the above i1dentified compounds; and

selecting the carbon material from the group consisting of
coke, pitch coke, metallurgical coke, petcoke, and
needle coke, and a ratio 1n the mixture between the
carbon material and the binder 1s 1n a range 3:1 to 2:1.

8. The method according to claim 7, which further com-
prises setting the ratio 1n the mixture between the carbon
material and the binder to be 4:1.

9. The method according to claim 1, which further com-
prises adjusting a fiber content of the mixture to be less than
15% by weight.

10. The method according to claim 1, which further
COmprises:

impregnating the molded part with an impregnating agent;
and

graphitizing the molded part, wherein the graphitizing 1s
carried out at a temperature 1n a range 1800° C. to
3000° C.

11. The method according to claim 10, which further

COmMprises:

impregnating the molded part with impregnating pitch as
the impregnating agent; and

carrying out the graphitizing in a range of 2300° C. to
27700° C.

12. The method according to claim 1, which further
comprises carbonizing the parts formed from carbon fiber-
reinforced composite material before carrying out step a).

13. The method according to claim 1, which further
comprises providing the mixture with at least one additive.

14. The method according to claim 1, which further
comprises adjusting a fiber content of the mixture to be less
than 10% by weight.

15. The method according to claim 1, which further
comprises adjusting a {iber content of the mixture to less be
than 5% by weight.

16. The method according to claim 1, which further
comprises adjusting a fiber content of the mixture to be less
than 3% by weight.

17. The method according to claim 1, which further
comprises carbonizing the parts formed from carbon fiber-
reinforced composite material after the comminuting step a)
but before step b).

18. A method for manufacturing a molded part, which
comprises the following steps of:

a) comminuting parts selected from the group consisting,
of waste parts formed from a carbon fiber-reinforced
carbon and scrap parts formed from a carbon fiber-
reinforced carbon resulting 1n comminuted product and
oxidizing the comminuted product;

b) producing a mixture from the comminuted product
obtained 1n step a), pitch, coke and at least one additive,
wherein the mixture contains less than 20% by weight
of carbon fibers;

¢) molding the mixture obtained 1n step b) into the molded
part, the mold part being selected from the group
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consisting of a graphite electrode, a graphite connect-
ing piece for graphite electrodes, a cathode for alumi-
num e¢lectrolytic cells, a blast furnace lining and a
molded part formed from fine grain graphite;

d) carbonizing the molded part obtained 1n step c);

¢) impregnating the molded part carbonized 1n step d)
with an impregnating agent; and

1) graphitizing the molded part impregnated in step €) and
aiter the graphitizing step the molded part containing a
quantity of less than 20% by weight of the carbon
fibers.

19. A method for manufacturing a molded part, which

comprises the following steps of:

a) comminuting parts selected from the group consisting,
of waste parts formed from a carbon fiber-reinforced
carbon and scrap parts formed from a carbon fiber-
reinforced carbon resulting in a comminuted product
and, oxidizing the comminuted product;

b) producing a mixture from the comminuted product,
pitch, coke and at least one additive, wherein the
mixture contains less than 20% by weight of carbon
fibers:

¢) molding the mixture into the molded part, the mold part
being selected from the group consisting of a graphite

clectrode, a graphite connecting piece for graphite

clectrodes, a cathode for aluminum electrolytic cells, a

blast furnace lining and a molded part formed from fine
grain graphite;

d) carbonizing the molded part;

¢) mmpregnating the molded part carbomized with an
impregnating agent; and

1) graphitizing the molded part, the parts formed from a
carbon fiber reinforced synthetic material are carbon-
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1zed prior to comminution in accordance with step a) or
the product comminuted in accordance with step a) 1s
carbonized prior to the oxidation, before the product
obtained thereby 1s supplied to step b) and after the
graphitizing step the molded part containing a quantity
of less than 20% by weight of the carbon fibers.

20. A method for manufacturing a molded part, which

comprises the following steps of:

a) comminuting parts selected from the group consisting,
of waste parts formed from a carbon fiber-reinforced
concrete and scrap parts formed from a carbon fiber-
reinforced concrete, and separating a matrix from the
carbon fibers resulting in comminuted carbon fibers;

b) producing a mixture from the comminuted carbon
fibers obtained 1n step a), pitch, coke and at least one
additive, wherein the mixture contains less than 20%
by weight of carbon fibers;

¢) molding the mixture into a molded part, the mold part
being selected from the group consisting of a graphite
clectrode, a graphite connecting piece for graphite
clectrodes, a cathode for aluminum electrolytic cells, a
blast furnace lining and a molded part formed from fine
grain graphite;

d) carbonizing the molded part;

¢) impregnating the molded part with an impregnating
agent; and

) graphitizing the molded part and after the graphitizing,
step the molded part containing a quantity of less than
20% by weight of the carbon fibers.

21. The method according to claam 20, which further

comprises separating the matrix from the carbon fibers by
one of screening or sifting.

G ex x = e
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